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Abstract 
Locally available sawdust, a very low cost and promising material was tested experimentally as an adsorbent, after 
carbonization, for the removal of phenol from industrial waste waters for a safe disposal. The experiments were 
performed batchwise to remove phenol from synthesized aqueous solutions. The equilibrium adsorption level was 
determined as a function of the solution pH, temperature, contact time, adsorbent dose and the initial adsorbate 
concentration. Adsorption isotherms of phenol on adsorbents were determined and correlated with the usual isotherm 
equations such as Langmuir and Freundlich. The optimum conditions for the removal of phenol were worked out 
along with the kinetics of the process. 
 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
 




In many cases, industrial waste water effluents contain organic pollutants which must be imperatively 
eliminated. As an example, one can cite Phenol which is the main interest of the present work. In fact 
Phenol and its derivatives are present in the wastewater discharges from oil refineries,  plastics, leather, 
paper, wood, paint industries, etc. [1]. Due to their widespread applications, phenolic compounds are 
common contaminants in aqueous streams and are considered as priority pollutants since they are harmful 
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to organisms even at low concentrations.  Many phenols have been classified as hazardous pollutants 
because of their potential toxicity to human health [2].
 
The US Environmental Protection Agency (EPA) 
regulations call for lowering phenol content in the wastewater to less than 1mg/L [3] and less than 
0.002mg/L as per Indian standard in drinking water [4]. 
At very low concentration (less than 0.1 mol/l) phenol can be digested by biological treatment whereas 
at higher concentrations (more than 20mg/l) solvent extraction is being used and adsorption can be 
effective for the treatment of phenol at intermediate concentrations [1] which is the case of the present 
study. 
In fact, adsorption using activated carbons has been shown to be one of the most efficient procedures in 
the elimination of phenolic compounds from wastewater. However, activated carbons are expensive 
materials which require complex activation processes, and it is therefore mandatory, from an economic 
point of view, to regenerate them for reuse [5]. The challenge is to find alternative adsorbents of 
comparable efficiency but at a practically no cost. The use of agricultural by-products for biosorption 
seems to be very promising [6]. The possibility to use such materials as adsorbents, without any complex 
and expensive pre-treatments makes them an interesting alternative to the use of activated carbons. 
Further advantages are that they are readily available and do not need regeneration. In particular, sawdust 
bark is a waste product from the wood industry and is very abundant.  
The objective of the present research study is the test of adsorption in removing phenol in aqueous 
solution by adsorption onto treated sawdust as adsorbent. The influence of several parameters, such as pH, 
temperature, solid/liquid ratio, and initial concentration of phenol and contact time, on the adsorption 
process was also investigated.  
2. Experimental studies 
2.1. Adsorbent  
 Sawdust obtained from Finland wood and locally used was washed with hot distilled water to remove 
the water-soluble impurities and surface adhered particles and then dried at 80°C until a constant weight.  
The sorbent was treated with 1N H2SO4 used in the ratio 1/10(sawdust: H2SO4, w/w) at 150 0C for 24 h, 
then soaked in 1% sodium bicarbonate solution overnight to remove residual acid. Then the treated 
material was dried in an oven at 105 0C for 24h. The dry sorbent was crushed into granules, sieved to 
different particle sizes, and then preserved in desiccators for use. 
2.2. Chemicals 
Analytical-reagent grade phenol was supplied by BIOCHEM, Chemopharma it was used as the 
adsorbate in adsorption. A stock solution was prepared by dissolving the required amount of phenol in 
distilled water without pH adjustment. Working solutions of the desired concentrations were obtained by 
successive dilutions. 
2.3. General procedures 
The sorption of phenol on sawdust was studied in a batch mode at room temperature. The kinetic 
adsorption experiments were carried out in 100 ml flasks sealed with Parafilm, to prevent the loss of 
phenol by volatilization. The general method used for this study is described as following: 
A known weight (e.g. 0.6g of sawdust) was equilibrated with 60ml of the phenol solution of 20 mg/l at 
a fixed temperature of 22°C for a known period of time 180min. A similar procedure was followed for 
 S. Larous and A.H. Meniai /  Energy Procedia  18 ( 2012 )  905 – 914 907
another set of flask containing the same phenol concentration without carbonized sawdust to be used as a 
blank. The flasks were then removed from the shaker and the final concentration of phenol in the solution 
was analyzed using a spectrophotometer UV– (UV 160 A SHIMADZU). 
The effect of several parameters such as the solution pH, temperature, sorbate concentration on the 
adsorption was studied. The pH of the suspension in the experiments was adjusted with NaOH 0.1M (1M) 
and HNO3 0.1M (1M).  
3. Results and discussion 
3.1. Effect of contact time 
Clearly, since, the adsorption process is a transfer of the pollutant from the liquid phase to the solid 
one, the contacting time between the two phases has an effect on the mass transfer rate.  Consequently it 
is important to study its effect on the capacity of retention by CAS. This variation shows clearly that the 
curves are of a saturation type and the chemical equilibrium is attained after 30min. The plot reveals that 
the rate of percent phenol removal is higher at the beginning that is probably due to larger surface area of 
CAS being available at beginning for the adsorption of phenol. 
Most of the maximum uptake (percent) was attained about 3h of stirring time. There does not seem to 
be much benefit from a stirring time longer than 3h. Therefore, equilibrium time of 3h was selected for all 
further experimental runs.     
 





















Fig. 1. Effect of contact time on the retention of phenol: C0=20mg/l, V=500tr/min, T=22°C, d 0.315mm, r=10g/l, pH=5.79 
3.2 Effect of the adsorbent dose 
The percent adsorption increased as the CAS dose was increased (1-20g/l) at 20mg/l phenol 
concentration (fig. 2). For carbonized sawdust, the amount of adsorption increased from 5.50032, 
1.95086, 1.39448, 0.87886, 0.68454 mg/g as the carbonized sawdust dose was increased from r=1g/l, 
r=5g/l, r=10g/l , r=15g/l, r=20g/l, respectively. Increase in adsorption with the dose can be attributed to 
increased surface area and availability of more adsorption sites. A small quantity of adsorbent will be 
saturated more quickly than a larger one.  
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Fig . 2. Effect of adsorbent dose on the retention of copper by sawdust : C0=20mg/l, V=500 rpm, T=22 °C, d 0.315mm, pH=5.79 
3.3 Effect of the initial concentration 
The experimental results of sorption of phenol on carbonized sawdust at various concentrations are 
shown in Fig.3. Increase of concentration decreased the percentage adsorption. As phenol concentration 
increases from 5 to 100 mg L-1, percentage removal was decreased from 70.54 % to 53.56 % since at high 
concentration of phenol the ratio of weight of phenol to available surface area is high. 










































Fig. 3. Effect of initial concentration on the retention of phenol: V=500tr/min, t=180min, T=22°C, d 0.315mm, r=10g/l, pH=5.79 
3.4. Effect of the temperature 
Temperature study on adsorption of phenol is carried out at four different temperatures, i.e. 20, 30, 40 
and 60°C. The effect of temperature on CAS\ phenol system is shown in figure 4. It is observed that the 
adsorption of phenol increases with increase in temperature then decreases. 
The increase in adsorption capacity with the increase in temperature can be explained as following: 
 The increase of the temperature encourages the processes of agglomeration in a very determined 
sense. 
 An important fraction of microspores has the same size as the molecule which can penetrate in 
certain conditions of temperature. 
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 Another explication can be the favorable effect of temperature on irreversible adsorption [7]. 
 
The adsorption of phenol in carbonized sawdust is reduced by 60% (0.82705mg/g) when temperature 
goes from 20°C to 60°C, suggesting that the process is exothermic. Hence a lower temperature is more 
favorable for the adsorption of phenol. The decrease in adsorption with increase in temperature is partly 
due to the weakening of the attractive force between the phenol and adsorbent, and partly due to the 
enhancement of thermal energies of the sorbate, thus, making the attractive forces between adsorbent and 
phenol not strong enough to retain the adsorbed molecules at binding sites [8]. 
 




























Fig. 4. Effect of temperature on the retention of phenol: C0=20mg/l, V=500tr/min, t=180min, d 0.315mm, r=10g/l, 
pH=5.79 
3.5 Effect of pH 
To study the influence of pH on the adsorption capacity of CAS for phenol, experiments were 
performed at temperature of 22° C and a phenol initial concentration of 20 mg/L using different initial 
solution pH values, changing from 2 to 10. Figure 4 shows that the phenol removal increases as pH of the 
phenol solution increases until maximum of 1.47702 mg/g (70%) at pH = 4.13. Generally, solution pH 
affects the surface charge of adsorbent and the degree of ionization of the adsorbate [9]. Phenol as a weak 
acid with pKa = 9.89 and it dissociates at pH > pKa. Therefore, the adsorption decreases at high pH 
values due to ionization of adsorbate molecules. The reason could be also due to the electrostatic 
repulsions between the negative surface charge and the phenolate–phenolate anions in solution [10]. For 
pH < 4.13, phenol was non-dissociated and the dispersive interactions predominated. 
With the increase of pH from 2.1 to 4.13 molecular form of phenol persists in the medium and surface 
protonation is minimum, leading to the enhancement of phenol adsorption. Similar results were obtained 
by Achari and anirudhan [8]. 
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Fig. 5.  Effect of contact time on the retention of phenolC0=20mg/l, V=500tr/min, t=180min, T=22°C, d 0.315mm, r=10g/l 
3.6 Adsorption kinetics 
The adsorption kinetics of phenol is illustrated in Figure 6. The removal rates of phenol from solution 
were rapid at the beginning of the adsorption process. After a rapid sorption, phenol uptake capacities 
increased with time and reached equilibrium values in approximately 3 h. The three phases of phenol 
adsorptions could be attributed to boundary layer sorption, intraparticle diffusion and sorption 
equilibrium, respectively. 
Adsorption kinetics was modeled by the pseudo first-order, pseudo second-order rate equation. Linear 
plots of the two considered kinetic models and the adsorption kinetic rate constants are shown in Figures 
6 -10 and Table 1, respectively. Pseudo second-order model shows a good correlation values. 
The pseudo-first-order kinetic model was given by Langeren and Svenska (Langeren and Svenska, 
1898) and has been widely used to predict the adsorption kinetics [11]. It can be expressed in a linear 
form as follows: 
)( teI qqkdt
dq
                           (1) 
where qe and qt (mg/g) are the amounts of adsorbate adsorbed at equilibrium and at any time, t(h), 
respectively, and  k1 (h-1) is the adsorption rate constant. Integration of Eq. (1) for the boundary conditions 




)log()log(              (2) 
 
The following plot of log(qe-qt) versus t will give the slope  k1 and the intercept log  qe . 
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Fig. 6. Pseudo-first-order kinetics for adsorption of phenol onto carbonized sawdust at 22°C. 
 
 To investigate the mechanism of adsorption kinetics data is tested by using pseudo second order 






              (3) 
where k2 (g/mg h) is the rate constant of second order adsorption.  
The following linear plot of 
tq
1
versus t will give 
eq
1




  as the intercept. In this 
manner the value of the second order rate constant can be determined. 
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 Fig. 7.  Pseudo-second-order kinetics for adsorption of phenol onto carbonized sawdust at 22°C. 
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Table 1:  Kinetic parameters for the adsorption of phenol onto sawdust 
 
Models Constants Coefficient 
Pseudo first-order kinetic k1= -0.05649 -0.99563 
Pseudo second-order kinetic k2=0.71939 0.99888 
3.7 Adsorption isotherms study 
The Langmuir and Freundlich equations were used to study the adsorption isotherms of phenol. The 









e              (4) 
 
where Ce (mg/L) is the concentration of the dye solution at equilibrium, qe (mg/g) is the amount of phenol 
sorbed at equilibrium, Qm is the maximum adsorption capacity and represents a practical limiting 
adsorption capacity when the adsorbent surface is fully covered with monolayer adsorbent molecule and a 
is Langmuir constant.  
The Qm and a values are calculated from the slopes (1/Qm) and intercepts (1/aQm) of the following linear 
plot of Ce/qe versus Ce. 
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Fig. 9. The linear Langmuir Adsorption Isotherm for Phenol with carbonized sawdust at 22°C 
 
The linear form of the Freundlich equation [15] is as follows: 
 eFe Cn
kq log1loglog                              (5) 
where Qe is the amount of phenol adsorbed at equilibrium, Ce is the concentration of phenol in  solution at 
equilibrium kF and 1/n are empirical constant which indicate the adsorption capacity and intensity, 
respectively. Their values were obtained from the intercepts (logkF) and slope (1/n) of the following linear  

















Fig. 10.The Linear Freundlich Adsorption Isotherm for Phenol onto carbonized Sawdust at 22°C 
 
It can be seen that the correlation factor R2 is close to the unity for both models, but with a better 
representation of the experimental results by means of Freundlich isotherm as shown in the following 
table 
 




a =10.1296596,   Qm=0.02212103 




In this study, the ability of activated sawdust to bind phenol was investigated. From the result of the 
present work, it can be said that carbonized sawdust (CAS) shows good adsorption capacity to remove 
phenol from wastewaters. 
The adsorption of sawdust was found to be dependant on temperature, pH, initial concentration of 
adsorbate, etc. Adsorption of phenol increases with increase in temperature then decreases; 
The kinetics of adsorption of phenol on CAS can be explained using pseudo second order model.  
Freundlich and Langmuir adsorption models expressed the sorption phenomena of phenol to the 
carbonized sawdust. Consequently, linear regression of the experimental data showed that the Freundlich 
equation represented better the phenol adsorption data. 
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